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ABSTRACT
We determine probabilities of physical association for stars in blended Kepler Objects of Interest,
and find that 14.5%+3.8%−3.4% of companions within ∼ 4′′ are consistent with being physically unassociated
with their primary. This produces a better understanding of potential false positives in the Kepler
catalog and will guide models of planet formation in binary systems. Physical association is determined
through two methods of calculating multi-band photometric parallax using visible and near-infrared
adaptive optics observation of 84 KOI systems with 104 contaminating companions within ∼ 4′′. We
find no evidence that KOI companions with separation of less than 1′′ are more likely to be physically
associated than KOI companions generally. We also reinterpret transit depths for 94 planet candidates,
and calculate that 2.6% ± 0.4% of transits have R > 15R⊕, which is consistent with prior modeling
work.
Subject headings: binaries:close – planetary systems – planets and satellites: detection – planets and
satellites: fundamental parameters
1. INTRODUCTION
The Kepler mission had a simple observing strategy:
it observed a 105 deg2 field in Cygnus near-continuously
with an unfiltered wideband camera. Its main data out-
put were the light curves of target stars, in which it found
transits and measured their depth and timing. The con-
version of this transit information to planetary charac-
teristics requires the stellar parameters of the host, which
the Kepler telescope could not provide itself. Stellar
characterization is then dependent on data from other
sources, typically photometric observations performed
for the Kepler Input Catalog in the visible and by 2MASS
in the near-infrared (Brown et al. 2011; Liebert et al.
1995; Huber et al. 2014).
A complication arises from the vulnerability of Ke-
pler ’s relatively large 4′′pixels to the misinterpretation of
unresolved binaries as single stars (Borucki et al. 2010).
These unseen companions dilute the transit by making
it appear shallower relative to its host star, and thus the
transiting object’s size is underestimated. Photometric
characterization of the host star is also distorted by the
blended light.
Many of these blended and contaminating companions
can be identified in the Kepler data by careful exami-
nation of the light curve data for irregularities, including
secondary transits (indicative of an eclipsing binary) and
shifts in the star’s centroid coincident with observed tran-
sits (Batalha et al. 2010; Tenenbaum et al. 2013). These
techniques have proven largely successful in screening out
many false positives, and though it has been shown that
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of the remaining contaminated KOIs the great majority
(> 90%) are not false positives, many transiting planets
are still larger than interpreted (Morton and Johnson
2011; Fressin et al. 2013; Santerne et al. 2013; Ciardi
et al. 2015; De´sert et al. 2015). Further validation then
requires finding contaminating companions either indi-
rectly, e.g. with transit photometry (Colo´n et al. 2012,
2015) or directly, e.g. high angular resolution imag-
ing (Morton 2012). The necessary sub-arcsecond reso-
lution to find these contaminating companions can be
achieved on the ground by several techniques, most no-
tably lucky/speckle imaging (Horch et al. 2012; Lillo-Box
et al. 2012, 2014) and adaptive optics (Adams et al. 2012,
2013; Dressing et al. 2014).
With 6395 Kepler Objects of Interest (KOI) to vet
(Coughlin et al. 2015), we adopted a strategy to conduct
a comprehensive survey with Palomar 1.5-m/Robo-AO
(Baranec et al. 2014, 2013) and use Keck II/NIRC2 to
follow up on secure and likely detections of companions.
To date we have reported the optical detection of 53 con-
taminating companions within 2.5′′ in a sample of 715
KOIs (Law et al. 2014) and 206 companions within ∼ 4′′
to 1629 KOIs (Baranec et al. 2016; Ziegler et al. 2016).
The addition of near-infrared observations to the exist-
ing visible data permits us to perform characterization of
the detected stars, estimate their photometric parallax
and the likelihood of physical association between pri-
mary/companion pairs, and calculate reinterpreted sizes
for individual planet candidates. In several cases we have
also found additional unseen companions.
Section 2 of this paper describes the observations made
and the image reduction process for Keck II/NIRC2 data.
Section 3 describes the derivation of photometric and
stellar characteristics from the objects studied, includ-
ing techniques used for fitting to stellar type and results
thereof. Section 4 discusses the spectral fit results in con-
text of the entire KOI catalog. The paper concludes in
Section 5 with an overview of our findings and an outline
of future avenues of investigation.
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2Fig. 1.— Images of KOI-268 from both Keck II/NIRC2 (left)
and Palomar 1.5-m/Robo-AO, presented as an example. Visible
in both images are companions B and C at separations from A of
1.′′75 and 2.′′53, respectively.
2. OBSERVATIONS AND DATA REDUCTION
The initial observations identifying companion candi-
dates are from multiple Robo-AO observing runs on the
Palomar Observatory 1.5-m telescope, spanning July to
September 2012, April to October 2013, June to Septem-
ber 2014, and June 2015. Observations were in either
Sloan-i or a long-pass 600nm (LP600) filter, the latter
being similar to the Kepler -bandpass when combined
with the EMCCD’s quantum efficiency curve for red/cool
stars. Images were automatically reduced by the Robo-
AO observing pipeline (Law et al. 2014).
The near-infrared observations are from the NIRC2 in-
strument on the 10-m Keck II telescope, conducted 2013
June 24, August 24 and 25, 2014 August 17, 2015 July
25, and August 4 in the J, H, K, and/or Kp filters in
the narrow mode of NIRC2 (9.952 mas pixel−1; Yelda
et al. 2010). For KOIs brighter than mV ∼ 13 we typi-
cally used the KOI as the guide star in natural guide star
mode, and for fainter KOIs we used the laser guide star,
with the KOI as the tip-tilt-focus guide star (Wizinowich
et al. 2006; van Dam et al. 2006). An initial 30s expo-
sure was taken for each target, and we waited for the
low-bandwidth wavefront sensor to settle if the laser was
used. The integration time and number of coadds per
detector readout were adjusted to keep the peak of the
stellar PSF counts less than 8,000 ADU per single inte-
gration (roughly half the dynamic range where sensitivity
of the detector is linear), while maintaining a total ex-
posure time of 30s. Dithered images were then acquired
with the primary centered in the 3 lowest noise quadrants
using the ‘bxy3 2.5’ command, for a total exposure time
of 90s. Occasional dither failures, particularly on 4 Aug
2015, resulted in exposures where the target is centered
on the detector.
Images are first sky-subtracted and then flat-fielded.
A pipeline developed for this investigation is then used
to automatically pick out companion stars by spatially
binning pixels and selecting the locations of the bright-
est bins as candidates. These candidates then have their
radius measured in the eight cardinal and intermediate
directions from their local centroid. This measurement
steps in the given direction until it finds a value con-
sistent with the measured background value within a
specified confidence interval (initially 3σ). If the me-
dian radius is both larger than a specified cutoff value
(typically 3 pixels) and the standard deviation of the
measured radii smaller than the same cutoff, the candi-
date is accepted as a star. The brightest star in the field
is assumed to be the primary unless manually specified
otherwise (the narrow 10′′ NIRC2 field makes this a rare
occurrence). If a companion is not found, the background
confidence interval and radius cutoff are adjusted to op-
timize for close (< 0.′′5) companions and the procedure
repeated. If the procedure fails to find a companion, or if
it finds multiple companions, a warning message notifies
the operator to review the source image.
For the majority of targets the pipeline correctly lo-
cates the primary and any present companions, but man-
ual validation is necessary for many targets largely be-
cause the speckles in the point spread function (PSF)
are mistaken for stars. To avoid this misinterpretation
the pipeline cross-references stars found in different fil-
ters for the same object, and discards any objects that
do not appear in multiple filters. In some cases, images
were only taken with one filter (typically Kp), and thus
cross-referencing is not possible. These targets are then
manually vetted and removed if visually confirmed to be
associated with the primary PSF (i.e. coincident with
rays projecting from the primary and presenting a PSF
inconsistent with other imaged stars).
The separation and phase angle of each companion
are measured from these individual reduced images, with
uncertainties measured from the variability in measure-
ments across all available images, and corrected for dis-
tortion using the most recent solution (Service et al.
2016). Last, images are co-added into a single composite
image for each target and filter for use in photometry.
2.1. Aperture Photometry
For the majority of our Keck data, the diffraction-
limited resolution makes simple aperture photometry suf-
ficient for measuring the contrast between the two stars.
To account for the overlap of the stars’ PSF envelopes, a
matching aperture from the location opposite each star
relative to its companion is used to estimate background
subtraction, if available. In cases where the correspond-
ing Robo-AO results were unavailable the method was
also applied to those images, using the known position
of the companion taken from the Keck analysis.
Systematic error from aperture size is our primary
source of uncertainty, and is measured as the standard
deviation of contrast across a range of aperture sizes from
1 to 3 FWHM in 0.5 FWHM increments. Injected com-
panions are used to estimate further uncertainties typi-
cally yielding an error of 5%.
3. ANALYSIS
3.1. Photometric Classification of Stars
By combining our contrast measurements with extant
JHK photometry for the blended system (from the Ex-
oplanet Archive5) we derive the multi-color photometry
for all components of each system. For blended magni-
tudes lacking a reported uncertainty (i,Kep), one was es-
timated based on the measurement’s reported source as
recommended by the guide supplied by MAST (STScI
1997).6
5 http://exoplanetarchive.ipac.caltech.edu Most JHK magni-
tudes are from the 2MASS catalog (Liebert et al. 1995).
6 The documentation on Kepler magnitude sources at
archive.stsci.edu/kepler/help/columns.html under heading ‘Kep-
3Multi-color photometry allows characterization of the
stars, necessary as the existing data on these objects
is drawn from a blended target. Effective tempera-
ture is relatively strongly correlated with color-color
photometry, but stellar radius (upon which our mea-
surement of a transiting planet’s size is dependent) ex-
hibits a much weaker correlation for late-type stars. To
demonstrate the systematic biases inherent in photomet-
ric type-fitting, we present fitting results from 2 different
photometric datasets.
The first dataset is a set of metallicity- and age-
agnostic stellar SEDs, originally assembled from a het-
erogenous set of models and data for an investigation
of the Praesepe and Coma Berenices open clusters by
Kraus and Hillenbrand (2007), henceforth KH07, and
which has previously been used for photometric fitting
of exoplanet host stars (e.g. Bechter et al. 2014; Wang
et al. 2014, 2015). Photometric values for the Kepler -
band were computed by the method described in Brown
et al. (2011) using an arithmetic combination of gri col-
ors. The list of types and magnitudes from KH07 is ex-
panded with missing types linearly interpolated from ex-
isting data, and an additional 9 intermediate types also
interpolated between each two adjacent integer stellar
types (e.g. type G2.5 is linearly halfway between G2 and
G3). This makes a table of 521 entries from B8 to L0
to be fitted to as standards, and with matching absolute
magnitudes and radii. The interpolated decimal types
are not reported directly but those entries are used to
refine radius/distance estimates. Radii for spectral types
are drawn from Habets and Heintze (1981).
To fit types we use a Monte Carlo technique, generat-
ing a Gaussian distribution for each of the photometric
combinations J−K, H−K, i−K, and Kep−K, if infor-
mation in the respective filters is present. K was chosen
as the baseline as it produces the most precise contrast
measurements and occupies the longest wavelength. Ex-
tinction is corrected for during this fitting process, re-
lying on the canonical AV for each target in the Kepler
catalog and adjusted for the various filters/bandpasses
via the standard relations from Cardelli et al. (1989):
AKep = 0.896AV , Ai = 0.321AV , AJ = 0.158AV ,
AH = 0.100AV , AK = 0.060AV .
Each time beginning in the center of the list of stan-
dards, the Gaussian-generated photometry is compared
to each canonical type’s set of magnitudes to measure
the error for all available data, as
Rf1−f2 = (mf1,∗ −mf2,∗)− (Mf1,std −Mf2,std) (1)
where mf#,∗ and Mf#,typ are the star’s measured appar-
ent magnitude and the standard’s absolute magnitude in
filters f1 and f2. The quality of the fit against the given
standard is then
R2 =
∑
J,H,i,Kep
R2filter−K
w2filter−K
(2)
where wfilter−K is the weight of the respective filter com-
bination as
wfilter−K =
√
σ2filter + σ
2
K (3)
mag Source’ describes the respective uncertainties for the Kepler
magnitude sources.
Note that Equation 2 does not require normalization as
the number of filters used is consistent for a given star.
R2 is also measured for comparisons to standards in both
directions (earlier- and later-type), and moved if a lower
R2 is found in either. The process repeats until it finds
a minimum R2. The type, radius, and absolute magni-
tudes are recorded and the next member of the Gaussian-
generated list is fit to the standards in the same way.
After fitting every entry on the list, the means of type,
radius, and absolute magnitudes are taken as the fitted
values, and the standard deviation of the latter two are
their uncertainties.
The second set is the Kepler Input Catalog’s (KIC) pri-
mary standard stars as reported in Brown et al. (2011),
henceforth B11. The advantage of this catalog is that
these stars are in the Kepler field and therefore reason-
ably representative of stars in our sample. The subset
of standard stars with which each studied KOI compo-
nent’s photometry is consistent to 1σ was used to com-
pute a mean and standard deviation for the star’s stellar
parameters. Subsets are typically 10% of the full list
of primary standard stars (or ∼ 30 stars) for each fit-
ted object. Given the relatively poor correlation in the
KIC standards of any of the measured stellar characteris-
tics with NIR-only color comparisons, only Kep−K and
i−K measurements were used. For stars without avail-
able Kep- or i-band measurements (with LP600 approxi-
mating Kep), a fit is not produced. If the photometry for
a target fits two or fewer primary standard stars, its re-
sults are omitted. The effective temperature is then fit to
a modeled stellar catalog to produce absolute magnitudes
(Pecaut and Mamajek 2013), and compared to apparent
magnitudes in turn to estimate distance. The KIC stan-
dard magnitudes were corrected for extinction/reddening
as calculated from Schlafly and Finkbeiner (2011).
The fitted values for both methods are displayed in
Table 1. The two methods are in broad agreement, al-
though disparities are apparent for M-type companions
in particular as the KIC primary standards contain few
objects in that temperature range and exhibit a systemic
overestimation of late-K and M-type radii that is not cor-
rected for here (Muirhead et al. 2012). While the range
of potential fit types for KH07 covered the full main se-
quence from B8 to M9, almost all stars fit to late types
F-M.
Notably, two stars are presented as type B8, and five
are too poorly restrained to produce KH07 fits. For the
former, B8 is the end of the fitting range, and indicates
they are too blue (adjusted for reddening) to fit to our
list of main sequence stars. These stars are then very
distant O/B types, and at 2 of 159 total stars analyzed
by KH07 make up ∼ 1% of the sample. As we are unable
to fit above B8 their properties are not well constrained,
and we present radius and distance as lower limits.
KH07 fitting fails to fit five stars in the sample due to
relatively poor photometric constraints in one or more
observation bands.
3.2. Uncertainties of Fitted Characteristics
As described above, the photometric uncertainties
arise largely from sampling the contrast for a range of
photometric apertures and the inherent 5% error mea-
sured by injection tests. For the stellar type fitting to
KH07, the full Monte Carlo fit measures the uncertainty
4of derived characteristics. Gaussian distributions match-
ing each apparent magnitude measurement and uncer-
tainty thereof are grouped into sets, and each set has
its type and other fitted characteristics calculated by the
method described above. The measured uncertainty in
the derived characteristics is then the standard deviation
of the full set of measurements. Uncertainties from the
B11 fits are simply the measured standard deviations of
the respective parameters of 1σ consistent KIC standard
stars. Uncertainties may be underestimated due to the
granularity of the data being fit.
B11 also reports that use of photometric fitting on Ke-
pler primary standard stars results in uncertainties of ap-
proximately 200K for effective temperature and 0.2 dex
for stellar radius without prior constraints on stellar age
or metallicity. We take this to be generally applicable
to all our photometric type-fitting, but it is not factored
into the uncertainties reported in Table 1.
TABLE 1 Fitted Stellar Parameters
via Kraus and Hillenbrand (2007) via Brown et al. (2011)
object SpT R/RSun dist(pc) σunassoc Teff R/RSun dist(pc) σunassoc
0190A G0 1.18+0.04−0.07 921
+127
−109 6041
+116
−126 1.04
+0.03
−0.03 1019
+52
−93
0190B K3 0.93+0.03−0.02 716
+89
−65 1.46 4904
+345
−265 0.83
+0.13
−0.07 779
+122
−77 1.56
0191A G0 1.07+0.05−0.03 934
+82
−69 5855
+109
−184 1.00
+0.02
−0.03 1115
+93
−115
0191B F4 1.01+0.14−0.07 2804
+1007
−492 3.75 5110
+378
−472 0.94
+0.09
−0.12 2573
+651
−386 3.67
0268A F3 1.29+0.06−0.06 258
+33
−34 6136
+143
−111 1.04
+0.04
−0.03 230
+18
−12
0268B K4 0.85+0.04−0.06 315
+33
−33 1.22 4807
+423
−283 0.79
+0.16
−0.06 392
+81
−41 3.62
0268C K3 0.95+0.31−0.08 904
+3016
−290 2.21 4889
+660
−352 0.82
+0.28
−0.08 829
+354
−133 4.46
0401A G4 1.05+0.02−0.02 589
+31
−44 5890
+152
−206 1.01
+0.02
−0.03 744
+70
−96
0401B K7 0.79+0.05−0.08 690
+74
−78 1.20 5000
+970
−554 0.88
+0.33
−0.17 1185
+716
−315 1.37
0425A F4 1.22+0.05−0.04 1374
+212
−138 6088
+113
−165 1.02
+0.04
−0.03 1425
+95
−115
0425B F2 1.20+0.06−0.07 1947
+343
−253 1.74 6013
+116
−137 1.03
+0.03
−0.03 2024
+122
−177 2.98
0511A F3 1.25+0.02−0.04 1067
+77
−118 6128
+73
−112 1.04
+0.03
−0.03 1061
+38
−59
0511B K4 0.84+0.04−0.07 995
+109
−115 0.45 4796
+456
−303 0.79
+0.18
−0.06 1280
+290
−149 1.42
0511C K6 0.62+0.13−0.16 2345
+491
−609 2.08
0628A F5 1.24+0.02−0.02 876
+40
−46 6085
+113
−192 1.04
+0.04
−0.03 856
+51
−104
0628B K9 0.64+0.08−0.11 1070
+140
−180 1.05
0628C K1 0.85+0.05−0.07 2247
+254
−286 4.75 4744
+533
−329 0.74
+0.21
−0.07 2809
+820
−385 5.03
0687A F6 1.24+0.02−0.04 837
+56
−72 6012
+119
−158 1.02
+0.04
−0.03 806
+55
−76
0687B K4 0.89+0.05−0.07 699
+116
−83 1.01 5486
+417
−300 1.02
+0.15
−0.07 1114
+311
−176 1.67
0688A F4 1.30+0.01−0.01 1204
+49
−54 6158
+86
−158 1.03
+0.02
−0.02 1057
+50
−87
0688B K0 0.99+0.07−0.04 1166
+239
−125 0.16 5122
+342
−342 0.87
+0.09
−0.09 1174
+249
−142 0.78
0712A F1 1.26+0.04−0.17 1100
+124
−221 6228
+78
−169 1.07
+0.03
−0.03 1045
+52
−76
0712B K1 0.95+0.05−0.03 637
+82
−54 1.96 5204
+472
−318 0.89
+0.16
−0.09 762
+220
−118 1.22
0931A F3 1.27+0.04−0.04 1720
+195
−186 6140
+74
−106 1.05
+0.03
−0.04 1654
+57
−94
0931B 5943+139−225 1.01
+0.04
−0.03 6491
+602
−817 5.91
0984A G5 1.03+0.03−0.02 267
+21
−19 5806
+191
−304 1.00
+0.05
−0.06 326
+48
−44
0984B G5 1.03+0.03−0.02 273
+22
−19 0.21 5717
+185
−302 0.99
+0.04
−0.07 317
+44
−46 0.14
0987A G7 1.01+0.01−0.01 270
+13
−6 5656
+241
−333 0.99
+0.08
−0.08 325
+55
−49
0987B M0 0.74+0.05−0.05 458
+47
−37 4.79
1066A F6 1.13+0.05−0.05 1342
+152
−108 5932
+102
−157 1.02
+0.02
−0.03 1535
+110
−145
1066B G9 0.85+0.03−0.04 2894
+245
−259 5.17 4608
+256
−285 0.74
+0.06
−0.05 3333
+289
−419 4.15
1067A F3 1.29+0.01−0.01 1431
+60
−65 6146
+80
−205 1.04
+0.03
−0.03 1280
+72
−125
1067B K2 0.89+0.03−0.02 2103
+214
−175 3.63 4833
+409
−282 0.80
+0.15
−0.06 2520
+493
−269 4.45
1112A F5 1.22+0.04−0.06 1140
+141
−160 6160
+88
−87 1.07
+0.04
−0.03 1232
+63
−43
1112B K8 0.73+0.04−0.04 1528
+120
−104 2.21
1151A F9 1.10+0.08−0.05 501
+76
−44 5776
+148
−270 0.99
+0.02
−0.06 534
+61
−71
1151B K8 0.71+0.19−0.30 738
+373
−289 0.79 4620
+488
−418 0.72
+0.20
−0.07 991
+240
−177 2.44
1214A G8 1.00+0.02−0.02 656
+47
−26 5600
+256
−230 0.99
+0.08
−0.07 836
+136
−102
1214B B8 ≥ 1.5 ≥ 5591 7.29
1274A G7 1.00+0.01−0.01 363
+14
−9 5602
+250
−319 0.97
+0.09
−0.08 443
+76
−65
1274B K9 0.63+0.17−0.26 585
+191
−254 0.87
1375A F5 1.25+0.01−0.02 809
+28
−41 6136
+89
−103 1.05
+0.04
−0.03 811
+31
−47
1375B K3 0.88+0.21−0.19 1862
+1419
−480 2.19 5097
+433
−375 0.86
+0.16
−0.09 2305
+609
−325 4.58
1442A G4 1.08+0.05−0.03 322
+26
−14 5791
+137
−294 0.99
+0.02
−0.06 352
+40
−50
1442B M7 0.30+0.16−0.01 350
+65
−29 0.72
1447A A6 1.45+0.04−0.03 1206
+62
−54
1447B K3 0.91+0.03−0.02 517
+43
−34 9.98 4852
+430
−216 0.77
+0.17
−0.06 595
+122
−59
1536A F5 1.27+0.01−0.01 550
+20
−18 6229
+71
−89 1.08
+0.03
−0.03 551
+19
−25
1536B K3 0.80+0.24−0.34 1614
+1388
−600 1.77 5117
+449
−439 0.87
+0.15
−0.10 2169
+607
−349 4.63
5TABLE 1 (continued)
via Kraus and Hillenbrand (2007) via Brown et al. (2011)
object SpT R(RSun) dist(pc) σunassoc Teff R(RSun) dist(pc) σunassoc
1546A F2 1.22+0.05−0.09 1259
+177
−256 6116
+75
−124 1.05
+0.03
−0.03 1319
+55
−80
1546B K0 0.93+0.06−0.04 939
+155
−98 1.07 5111
+384
−377 0.87
+0.12
−0.10 1108
+264
−148 0.76
1546C 5873+300−429 1.00
+0.06
−0.10 5685
+1077
−1181 3.69
1546D F7 0.91+0.10−0.08 2527
+798
−415 2.81 5208
+386
−492 0.92
+0.09
−0.12 3175
+834
−522 3.54
1613A F5 1.27+0.05−0.05 404
+60
−46
1613B G4 1.07+0.11−0.09 419
+101
−89 0.14
1700A G8 0.97+0.02−0.02 602
+36
−33 5228
+216
−261 0.89
+0.06
−0.07 648
+80
−68
1700B K3 0.89+0.03−0.03 632
+52
−40 0.56 4614
+409
−272 0.74
+0.15
−0.06 685
+119
−75 0.34
1784A F7 1.16+0.05−0.06 751
+76
−73 5939
+100
−135 1.01
+0.03
−0.03 817
+54
−74
1784B F2 1.26+0.03−0.06 1365
+146
−176 3.20 6113
+85
−105 1.04
+0.03
−0.03 1292
+51
−68 5.47
1845A K2 0.94+0.02−0.01 411
+24
−18
1845B M4 0.46+0.29−0.19 651
+445
−285 0.84
1845C A7 1.07+0.17−0.10 4407
+2110
−1089 3.67
1880A K8 0.78+0.01−0.06 206
+3
−17
1880B G7 0.93+0.07−0.06 2094
+492
−290 6.51 4717
+418
−334 0.76
+0.16
−0.08 2046
+365
−279
1884A F9 1.06+0.07−0.04 1094
+147
−123 5890
+159
−252 1.01
+0.04
−0.05 1366
+143
−193
1884B K8 0.63+0.17−0.22 1381
+449
−514 0.54
1884C M1 0.51+0.21−0.15 1330
+587
−424 0.53
1884D M2 0.41+0.17−0.10 1335
+642
−392 0.58
1891A K0 0.95+0.01−0.02 687
+27
−46 5417
+248
−158 0.97
+0.08
−0.06 872
+118
−93
1891B 5802+284−402 1.00
+0.06
−0.09 8742
+1733
−1568 5.00
1916A F2 1.31+0.01−0.01 1046
+43
−36
1916B K5 0.89+0.03−0.04 672
+85
−59 4.05 4556
+266
−276 0.73
+0.08
−0.03 685
+65
−84
1979A F5 1.23+0.02−0.07 568
+27
−59 6012
+110
−199 1.02
+0.04
−0.03 547
+41
−59
1979B K9 0.69+0.13−0.23 454
+98
−154 1.00 4398
+340
−569 0.70
+0.04
−0.06 565
+119
−182 0.10
1989A F9 1.14+0.04−0.03 525
+49
−23 5948
+99
−124 1.02
+0.03
−0.03 600
+48
−40
1989B K2 0.90+0.03−0.04 1299
+195
−156 4.73 5179
+376
−447 0.86
+0.14
−0.10 1536
+353
−243 3.78
2001A K1 0.97+0.01−0.01 266
+8
−6 5386
+264
−271 0.93
+0.09
−0.07 318
+52
−40
2001B G5 0.93+0.05−0.03 1761
+278
−200 7.47 5123
+396
−351 0.90
+0.13
−0.09 2092
+498
−270 6.45
2009A F7 1.18+0.03−0.03 696
+59
−47 6066
+101
−155 1.05
+0.03
−0.03 797
+41
−82
2009B K4 0.82+0.07−0.17 1204
+196
−264 1.88 4878
+692
−381 0.82
+0.33
−0.09 1715
+767
−298 3.05
2059A K2 0.93+0.02−0.01 246
+18
−14 5104
+315
−202 0.91
+0.11
−0.07 288
+54
−25
2059B K5 0.85+0.02−0.03 268
+22
−23 0.75 4568
+233
−288 0.73
+0.06
−0.04 295
+26
−37 0.11
2069A F7 1.21+0.02−0.03 723
+52
−54 5947
+103
−147 1.02
+0.03
−0.03 713
+62
−53
2069B K8 0.71+0.13−0.26 1266
+407
−397 1.36 4912
+404
−419 0.80
+0.15
−0.10 1874
+383
−275 4.12
2083A G1 1.16+0.10−0.04 658
+199
−57 5889
+152
−211 1.01
+0.03
−0.03 685
+66
−88
2083B F7 1.09+0.18−0.38 1467
+601
−923 0.86 5139
+1022
−481 0.85
+0.26
−0.10 1178
+697
−319 1.51
2117A K5 0.86+0.01−0.01 609
+21
−26
2117B K3 0.88+0.01−0.01 818
+31
−33 5.34 4640
+768
−333 0.75
+0.48
−0.08 988
+436
−178
2143A G2 1.07+0.03−0.03 643
+39
−36 5757
+133
−206 1.00
+0.02
−0.03 717
+72
−74
2143B A0 1.19+0.21−0.14 4408
+4189
−1290 2.92 5778
+257
−364 0.99
+0.06
−0.08 3590
+667
−559 5.10
2159A F5 1.26+0.01−0.02 745
+30
−45 6130
+87
−112 1.06
+0.04
−0.03 739
+30
−44
2159B M0 0.65+0.24−0.27 742
+373
−326 0.01 4398
+340
−569 0.70
+0.04
−0.06 961
+193
−306 0.72
2247A K3 0.90+0.01−0.01 337
+11
−20 4954
+1280
−222 0.79
+0.48
−0.07 528
+383
−143
2247B M0 0.53+0.11−0.10 1116
+234
−234 3.33
2289A F3 1.30+0.01−0.01 842
+23
−27 6201
+64
−137 1.06
+0.02
−0.02 753
+32
−42
2289B K6 0.80+0.05−0.08 1094
+130
−140 1.78 4620
+807
−349 0.72
+0.35
−0.08 1540
+715
−296 2.64
2317A F7 1.17+0.03−0.05 817
+58
−64 5969
+106
−128 1.01
+0.03
−0.03 904
+64
−67
2317B G7 0.88+0.02−0.03 2661
+219
−195 9.06 4650
+459
−296 0.75
+0.19
−0.06 3029
+603
−392 5.35
2363A K0 0.95+0.01−0.01 448
+17
−19 5386
+360
−179 0.95
+0.14
−0.07 578
+129
−69
2363B K3 0.65+0.40−0.30 3298
+5208
−1596 1.79 4923
+515
−384 0.83
+0.21
−0.08 4826
+1448
−708 5.90
2377A F9 1.08+0.10−0.09 890
+194
−181
2377B K1 0.92+0.05−0.06 831
+141
−104 0.26
2377C K2 0.64+0.38−0.34 2449
+3109
−1566 0.99
2377D K7 0.50+0.34−0.22 1767
+1465
−883 0.97
2413A G7 0.98+0.04−0.03 756
+78
−53 5500
+269
−258 0.99
+0.08
−0.07 935
+155
−127
2413B M2 0.48+0.21−0.14 324
+136
−113 2.96
2443A F5 1.21+0.03−0.04 838
+77
−101 6141
+87
−88 1.05
+0.04
−0.03 934
+33
−50
2443B K6 0.70+0.12−0.22 1659
+361
−504 1.61 4742
+878
−576 0.81
+0.33
−0.12 2790
+1614
−744 2.49
6TABLE 1 (continued)
via Kraus and Hillenbrand (2007) via Brown et al. (2011)
object SpT R(RSun) dist(pc) σunassoc Teff R(RSun) dist(pc) σunassoc
2542A M0 0.65+0.04−0.08 278
+18
−28
2542B M3 0.38+0.07−0.06 218
+49
−45 1.06
2601A F3 1.28+0.03−0.05 1133
+103
−141 6214
+75
−124 1.06
+0.03
−0.03 1086
+46
−58
2601B G2 1.07+0.19−0.11 1193
+560
−299 0.19 5708
+286
−393 0.98
+0.06
−0.09 1283
+249
−234 0.83
2601C G7 0.93+0.07−0.04 2076
+411
−212 4.00 4846
+406
−299 0.78
+0.14
−0.09 2236
+443
−250 4.52
2601D 5214+374−568 0.90
+0.08
−0.13 6068
+1393
−1159 4.30
2657A G0 1.09+0.07−0.05 504
+61
−48 5859
+127
−213 1.00
+0.02
−0.03 585
+56
−67
2657B G6 1.01+0.05−0.02 454
+54
−32 0.69 5688
+249
−269 1.00
+0.06
−0.07 566
+92
−78 0.17
2664A K0 0.94+0.01−0.01 868
+50
−43 5134
+359
−167 0.87
+0.15
−0.06 1025
+208
−101
2664B F6 1.01+0.03−0.03 1708
+198
−136 5.80 5620
+252
−255 0.98
+0.06
−0.07 2112
+340
−286 3.07
2681A F7 1.04+0.04−0.03 1469
+160
−133 5763
+202
−287 0.98
+0.06
−0.06 1774
+251
−254
2681B K3 0.88+0.01−0.02 1191
+68
−62 1.86 4650
+523
−340 0.75
+0.26
−0.06 1366
+332
−210 0.98
2705A M3 0.39+0.13−0.07 77
+28
−16
2705B M5 0.30+0.08−0.01 186
+36
−11 3.62
2711A F2 1.28+0.02−0.03 1193
+77
−93 6059
+61
−129 1.03
+0.03
−0.03 1072
+40
−94
2711B F2 1.27+0.02−0.03 1241
+94
−115 0.35 6059
+57
−132 1.03
+0.03
−0.04 1131
+42
−99 0.55
2722A F3 1.29+0.01−0.01 808
+21
−20 6188
+86
−158 1.05
+0.02
−0.02 732
+41
−47
2722B K8 0.69+0.06−0.09 1341
+132
−167 3.17
2779A F3 1.27+0.03−0.04 1573
+163
−161 6140
+74
−106 1.05
+0.03
−0.04 1502
+52
−86
2779B G8 0.95+0.12−0.06 1793
+608
−260 0.72 5111
+384
−373 0.87
+0.12
−0.09 1991
+472
−263 1.82
2813A K3 0.93+0.01−0.01 310
+14
−12 5128
+443
−224 0.88
+0.20
−0.07 383
+106
−47
2813B F8 1.25+0.05−0.09 1466
+215
−265 4.36 6049
+122
−159 1.03
+0.04
−0.03 1363
+81
−140 5.58
2813C M1 0.57+0.23−0.21 3541
+1995
−1484 2.18 4887
+1083
−835 0.89
+0.32
−0.22 7753
+5561
−2760 2.67
2837A F0 1.40+0.05−0.04 1430
+125
−105
2837B F0 1.38+0.07−0.04 1527
+192
−122 0.56
2859A G8 0.98+0.02−0.01 432
+18
−9 5582
+196
−256 0.95
+0.06
−0.07 546
+81
−63
2859B A7 1.05+0.16−0.22 2142
+822
−896 1.91 6169
+140
−137 1.05
+0.05
−0.03 2914
+224
−180 12.00
2869A F4 1.28+0.01−0.01 919
+29
−36 6154
+58
−145 1.05
+0.03
−0.03 840
+31
−60
2869B K4 0.63+0.09−0.10 3401
+481
−559 4.43
2904A F5 1.27+0.01−0.02 587
+27
−28 6116
+63
−212 1.05
+0.03
−0.04 537
+26
−68
2904B A1 1.28+0.11−0.26 1976
+470
−552 2.51
2971A F4 1.29+0.01−0.01 622
+18
−22 6188
+86
−158 1.05
+0.02
−0.02 569
+32
−37
2971B G2 0.96+0.04−0.06 1712
+236
−331 3.29 5720
+216
−289 0.99
+0.05
−0.07 2281
+363
−310 5.49
2971C K7 0.47+0.33−0.34 2446
+2884
−1060 1.72 5605
+373
−590 0.96
+0.08
−0.14 6324
+1639
−1411 4.08
3020A F3 1.31+0.01−0.01 956
+31
−28
3020B K9 0.77+0.03−0.05 526
+34
−37 9.76
3020C K3 0.77+0.07−0.14 3032
+479
−508 4.08
3069A F4 1.20+0.04−0.05 1227
+162
−188 6110
+89
−83 1.04
+0.04
−0.03 1402
+51
−62
3069B K2 0.90+0.01−0.02 1164
+58
−60 0.32 4876
+173
−134 0.81
+0.04
−0.04 1332
+87
−55 0.66
3106A G5 1.04+0.05−0.03 1189
+142
−110 5855
+202
−287 1.00
+0.05
−0.06 1526
+207
−228
3106B A3 1.29+0.05−0.06 3533
+582
−576 3.95 6188
+88
−109 1.05
+0.04
−0.03 3253
+155
−151 6.74
3377A G9 0.94+0.01−0.01 675
+24
−38 5110
+350
−160 0.94
+0.16
−0.05 784
+158
−73
3377B M7 0.29+0.01−0.01 271
+15
−14 9.89
3377C M2 0.36+0.09−0.07 1215
+405
−296 1.82
3401A G8 1.01+0.03−0.02 665
+60
−41 5526
+252
−277 0.93
+0.07
−0.07 769
+122
−110
3401B B8 ≥ 1.40 ≥ 3510 6.69
4004A F8 1.14+0.04−0.04 400
+32
−24 5972
+102
−135 1.02
+0.02
−0.02 456
+32
−35
4004B K8 0.75+0.05−0.05 524
+48
−43 2.31
4209A F3 1.09+0.11−0.07 1647
+385
−264 6021
+119
−135 1.02
+0.03
−0.03 2124
+125
−191
4209B K7 0.83+0.22−0.43 1859
+6446
−929 0.21 4887
+1083
−835 0.89
+0.32
−0.22 1814
+1305
−654 0.24
4292A G4 1.06+0.03−0.02 360
+17
−16 5857
+140
−213 1.00
+0.03
−0.03 436
+43
−52
4292B M6 0.29+0.05−0.01 610
+48
−38 6.01
4331A F2 1.34+0.20−0.13 1177
+499
−283 6140
+140
−119 1.04
+0.04
−0.03 964
+76
−51
4331B F3 1.28+0.15−0.15 1109
+404
−299 0.14 6033
+136
−134 1.03
+0.03
−0.03 962
+58
−90 0.03
4407A F8 1.17+0.05−0.06 242
+29
−24
4407A G2 1.14+0.05−0.05 230
+29
−18 0.32
4407B K5 0.82+0.06−0.28 278
+36
−87 0.39
4407C
4463A K8 0.79+0.01−0.02 427
+14
−14
7TABLE 1 (continued)
via Kraus and Hillenbrand (2007) via Brown et al. (2011)
object SpT R(RSun) dist(pc) σunassoc Teff R(RSun) dist(pc) σunassoc
4463B K5 0.85+0.02−0.02 543
+25
−28 3.71
4634A A8 1.33+0.05−0.02 1223
+136
−74
4634B K2 0.92+0.09−0.06 669
+202
−84 2.58 4670
+403
−349 0.73
+0.13
−0.09 668
+116
−90
4768A G4 1.01+0.02−0.02 1037
+91
−77 5696
+250
−282 0.99
+0.07
−0.08 1330
+237
−182
4768B K5 0.73+0.09−0.15 2014
+578
−507 1.90
4822A F6 1.27+0.05−0.03 769
+109
−67 6127
+83
−84 1.03
+0.03
−0.04 733
+25
−35
4822B K9 0.60+0.18−0.17 1665
+537
−564 1.56
4871A F4 1.28+0.01−0.01 724
+18
−25
4871B A5 1.22+0.08−0.11 2540
+545
−546 3.32 6030
+133
−134 1.03
+0.03
−0.03 2556
+155
−236
5578A G5 1.11+0.05−0.04 190
+17
−10 6005
+114
−157 1.00
+0.02
−0.03 233
+16
−21
5578B G5 1.07+0.12−0.07 383
+99
−61 3.05 5778
+201
−296 0.99
+0.05
−0.06 438
+70
−58 3.41
5762A G6 0.99+0.03−0.03 1130
+146
−86 5551
+255
−293 0.95
+0.07
−0.08 1385
+230
−199
5762B F4 1.08+0.12−0.07 2042
+556
−342 2.45 5886
+195
−303 1.02
+0.05
−0.06 2431
+314
−400 2.27
TABLE 1 Stellar parameters as a result of two different fitting techniques. σunassoc is the certainty (in standard deviations) that each
companion is physically unassociated with its host due to their respective distances. The Kraus & Hillenbrand fit yields a stellar type and
corresponding radius (Kraus and Hillenbrand 2007). Values are interpolated between the table items in the source for improved precision.
The fit to the KIC primary standards from Brown yields effective temperature and stellar radius for all stars with sufficient photometry,
as produced by comparison to stars with similar color-color measurements among the 279 entries in the KIC Primary Standard catalog
(Brown et al. 2011). As noted, photometric type-fitting of Kepler targets has been found to have a limiting accuracy of ±200K and
∼0.2dex respectively, which is largely a function of age/composition and is not taken into account here. For each primary/companion pair
a distance measurement was produced from the measured apparent and fitted absolute magnitudes, and used to generate a confidence of
non-association between the two objects.
3.3. On Potential Giants
Dwarf-giant eclipsing binaries were originally expected
to be approximately 200 times more abundant than de-
tected planet-star transits in the Kepler field (Brown
2003). The assembly of the Kepler Input Catalog made
use of Bayesian techniques to exclude most of these giants
(Brown et al. 2011). Remaining dwarf-giant eclipsing bi-
naries are identified and screened by the Kepler anal-
ysis pipeline, particularly by the presence of secondary
eclipses in light curves (Batalha et al. 2010; Tenenbaum
et al. 2013). Although a dwarf-giant eclipsing binary
with (or as) a contaminating companion should be a rel-
atively rare arrangement, it is reasonable to expect that
some might still fall out of a dataset as large as the KIC.
It has been demonstrated spectroscopically that a num-
ber of late-type Kepler Input Catalog stars photometri-
cally characterized as dwarfs are in fact giants, but also
that an improved photometric cut exists as Kp − J > 2
and Kp < 14 that contains 96% ± 1% giants (with the
corresponding Kp − J > 2 and Kp > 14 containing only
7% ± 3%), allowing us to investigate our updated pho-
tometry for the possibility of giants hiding in blended
KOIs (Mann et al. 2012). None of our observed stars
meet this set of criteria, and thus all objects are likely
dwarfs.
3.4. Probability of Physical Association
Table 1 lists the confidence for each host/companion
pair to be physically unassociated, derived from the re-
spective distances and uncertainties of both fitting meth-
ods. The noted uncertainties in photometrically fitting
temperature/radius (±200K and 0.2dex, respectively) to
individual stars reported in B11 are ignored for the dis-
tance estimates and physical association confidences as
they are functions of stellar age and metallicity, which
should be consistent across all members of a physically
associated system. We treat all pairs with ≥ 5σ level
of confidence to be inconsistent with a physically asso-
ciated/gravitationally bound scenario. Note that pairs
with ≤ 5σ are not necessarily associated/bound but are
not inconsistent with such an interpretation. The KH07
method then identifies 13 physically unassociated com-
panions, while the B11 method finds 10.
The two methods agree to 5σ on the unboundedness
of only one companion, 2001B. Of the other 12 unbound
candidates via KH07, 9 do not have B11 fits, and one
(2317B) has a marginal B11 σunassoc = 4.90. Only two,
1989B and 2664B, are unbound by KH07 and disputed by
B11, for which the methods agree on distances but have
respective B11 σunassoc of 3.63 and 2.91 due to larger
uncertainties on the B11 results.
B11 also identifies 10 additional physically unassoci-
ated companions that do not qualify by the KH07 mea-
surement, though two (628C and 2813B) are marginal.
We note that uncertainties for the B11 method are sys-
tematically underestimated by the granular dataset, and
many could not be fit due to that catalog’s relative spar-
sity, particularly for late-type stars.
The B11 results are presented to check the repro-
ducibility of the KH07 fitting method, but given the
noted issues with the former the KH07 results are pre-
ferred, and are the focus of this work.
TABLE 2 Adjusted Transit Depth and Candidate Sizes
A B C D
object depth (mmag) R⊕ depth(mmag) R⊕ depth(mmag) R⊕ depth(mmag) R⊕
0190.01 16.61 ± 0.026 15.99+0.54−0.94 57.24 ± 0.092 22.98+0.99−0.49
0191.01 18.58 ± 0.027 15.2+0.71−0.43 345.0 ± 0.502 60.31+7.41−4.56
0191.02 0.840 ± 0.013 3.24+0.15−0.09 13.55 ± 0.223 12.87+1.6−0.99
8A B C D
object depth (mmag) R⊕ depth(mmag) R⊕ depth(mmag) R⊕ depth(mmag) R⊕
0191.03 0.232 ± 0.009 1.71+0.08−0.05 3.739 ± 0.147 6.78+0.86−0.53
0191.04 0.725 ± 0.030 3.01+0.15−0.09 11.69 ± 0.494 11.96+1.53−0.94
0268.01 0.546 ± 0.003 3.13+0.1−0.12 127.9 ± 0.918 30.54+1.46−2.56 N/A ≥ 100.3
0401.01 2.449 ± 0.016 5.44+0.16−0.1 35.30 ± 0.238 15.21+0.98−1.77
0401.02 1.868 ± 0.043 4.75+0.14−0.09 26.83 ± 0.618 13.29+0.87−1.57
0401.03 0.405 ± 0.019 2.21+0.07−0.04 5.775 ± 0.282 6.19+0.42−0.75
0425.01 23.09 ± 0.065 19.46+0.79−0.63 51.76 ± 0.147 28.23+1.42−1.65
0511.01 0.757 ± 0.009 3.6+0.09−0.15 13.15 ± 0.173 10.05+0.48−0.97 278.9 ± 3.670 30.62+7.36−7.88
0511.02 0.210 ± 0.008 1.9+0.05−0.08 3.645 ± 0.146 5.3+0.26−0.52 70.73 ± 2.846 16.16+3.98−4.26
0688.01 0.354 ± 0.006 2.56+0.02−0.04 2.608 ± 0.048 5.39+0.43−0.27
0984.01 2.187 ± 0.013 5.04+0.15−0.1 2.376 ± 0.014 5.25+0.15−0.1
0987.01 0.232 ± 0.005 1.61+0.02−0.02 6.369 ± 0.139 6.42+0.26−0.43
1066.01 15.39 ± 0.032 14.62+0.65−0.65 1261. ± 2.662 76.84+2.72−3.62
1067.01 50.95 ± 0.069 30.12+0.23−0.23 N/A ≥ 93.78
1112.01 0.689 ± 0.022 3.38+0.11−0.17 50.69 ± 1.648 17.0+1.2−0.96
1214.01 0.294 ± 0.018 1.79+0.04−0.04 0.890 ± 0.056 5.0+0.3−0.33
1447.01 228.6 ± 0.074 68.91+1.9−1.43 N/A ≥ 97.05
1447.02 17.96 ± 0.038 20.25+0.56−0.42 125.5 ± 0.267 32.79+1.08−0.72
1700.01 0.442 ± 0.016 2.13+0.05−0.05 1.174 ± 0.042 3.19+0.11−0.11
1784.01 7.479 ± 0.092 10.48+0.46−0.55 12.74 ± 0.157 14.96+0.36−0.6
1880.01 0.680 ± 0.009 2.13+0.03−0.14 18.33 ± 0.248 13.83+1.29−0.71
1884.01 3.201 ± 0.049 6.27+0.42−0.24 123.3 ± 1.919 26.09+5.08−9.79 228.7 ± 3.558 27.57+11.09−9.64 356.4 ± 5.543 23.07+10.38−5.77
1884.02 0.618 ± 0.039 2.76+0.19−0.11 22.80 ± 1.459 11.47+2.33−4.5 40.66 ± 2.603 12.13+5.1−4.44 60.42 ± 3.868 10.15+4.84−2.69
1916.01 0.395 ± 0.009 2.73+0.02−0.02 4.866 ± 0.115 7.0+0.45−0.37
1916.02 0.305 ± 0.006 2.39+0.02−0.02 3.754 ± 0.079 6.15+0.39−0.33
1916.03 0.079 ± 0.004 1.22+0.01−0.01 0.980 ± 0.051 3.14+0.21−0.17
1989.01 0.534 ± 0.020 2.76+0.1−0.08 13.31 ± 0.505 11.08+0.37−0.37
2001.01 0.205 ± 0.007 1.45+0.02−0.02 13.88 ± 0.502 11.43+0.64−0.38
2009.01 0.626 ± 0.022 3.06+0.08−0.11 25.22 ± 0.901 13.72+1.2−3.59
2059.01 0.186 ± 0.007 1.33+0.03−0.01 0.509 ± 0.020 2.01+0.05−0.07
2059.02 0.057 ± 0.005 0.74+0.02−0.01 0.156 ± 0.015 1.11+0.03−0.04
2069.01 0.678 ± 0.013 3.3+0.06−0.08 29.60 ± 0.605 12.7+2.19−4.92
2083.01 0.399 ± 0.015 2.49+0.17−0.13 1.027 ± 0.039 4.16+0.24−1.01
2117.01 1.519 ± 0.074 3.51+0.04−0.04 2.060 ± 0.101 4.18+0.05−0.05
2247.01 0.205 ± 0.011 1.35+0.02−0.02 20.34 ± 1.121 8.02+1.72−1.72
2289.01 0.369 ± 0.018 2.61+0.02−0.02 28.81 ± 1.470 14.12+0.92−1.48
2289.02 0.175 ± 0.009 1.8+0.01−0.01 13.57 ± 0.761 9.72+0.64−1.02
2317.01 0.149 ± 0.009 1.5+0.04−0.07 16.21 ± 1.076 11.68+0.28−0.42
2363.01 0.204 ± 0.012 1.42+0.02−0.02 45.44 ± 2.821 14.13+8.65−6.78
2413.01 0.531 ± 0.029 2.39+0.15−0.08 3.329 ± 0.184 2.53+1.27−0.89
2413.02 0.457 ± 0.038 2.22+0.14−0.07 2.868 ± 0.238 2.35+1.21−0.85
2443.01 0.110 ± 0.007 1.33+0.04−0.05 13.41 ± 0.877 8.7+1.41−2.82
2443.02 0.105 ± 0.008 1.3+0.03−0.05 12.79 ± 1.084 8.5+1.4−2.81
2542.01 0.576 ± 0.033 1.63+0.13−0.21 1.710 ± 0.100 1.64+0.37−0.27
2657.01 0.091 ± 0.007 1.09+0.08−0.05 0.117 ± 0.010 1.16+0.07−0.04
2664.01 1.377 ± 0.105 3.65+0.04−0.04 2.954 ± 0.226 5.74+0.18−0.12
2681.01 8.139 ± 0.129 9.8+0.38−0.29 26.00 ± 0.413 14.76+0.17−0.34
2681.02 1.006 ± 0.111 3.45+0.15−0.11 3.193 ± 0.353 5.2+0.07−0.13
2705.01 0.745 ± 0.027 1.31+0.53−0.27 11.40 ± 0.416 3.34+0.69−0.12
2711.01 0.442 ± 0.013 2.82+0.05−0.07 0.493 ± 0.015 2.95+0.05−0.1
2711.02 0.351 ± 0.016 2.51+0.04−0.06 0.392 ± 0.018 2.63+0.04−0.09
2722.01 0.161 ± 0.004 1.72+0.01−0.01 60.00 ± 1.601 17.45+1.55−2.33
2722.02 0.154 ± 0.005 1.68+0.01−0.01 57.25 ± 1.971 17.05+1.53−2.3
2722.03 0.109 ± 0.003 1.41+0.01−0.01 40.34 ± 1.439 14.37+1.29−1.94
2722.04 0.115 ± 0.005 1.45+0.01−0.01 42.41 ± 1.847 14.73+1.33−2.0
2722.05 0.105 ± 0.006 1.39+0.01−0.01 38.80 ± 2.471 14.1+1.3−1.95
2779.01 0.592 ± 0.028 3.23+0.08−0.08 6.113 ± 0.292 7.76+1.02−0.51
2813.01 0.205 ± 0.017 1.4+0.02−0.02 0.506 ± 0.042 2.97+0.13−0.23 38.89 ± 3.261 11.66+4.86−4.64
2837.01 0.259 ± 0.010 2.36+0.09−0.07 0.320 ± 0.013 2.59+0.14−0.08
2849.01 0.205 ± 0.014 1.38+0.02−0.03 0.435 ± 0.029 4.54+0.65−0.81
2859.01 0.100 ± 0.007 1.04+0.02−0.01 0.707 ± 0.054 2.53+0.42−0.54
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object depth (mmag) R⊕ depth(mmag) R⊕ depth(mmag) R⊕ depth(mmag) R⊕
2859.02 0.068 ± 0.006 0.86+0.02−0.01 0.482 ± 0.044 2.09+0.35−0.45
2859.03 0.078 ± 0.007 0.92+0.02−0.01 0.556 ± 0.053 2.25+0.38−0.48
2859.04 0.077 ± 0.006 0.91+0.02−0.01 0.544 ± 0.044 2.22+0.37−0.47
2859.05 0.107 ± 0.008 1.07+0.02−0.01 0.756 ± 0.062 2.62+0.43−0.56
2869.01 0.139 ± 0.009 1.58+0.01−0.01 N/A ≥ 58.89
2904.01 0.144 ± 0.005 1.6+0.01−0.03 0.895 ± 0.033 3.6+0.45−0.71
2971.01 0.071 ± 0.004 1.14+0.01−0.01 2.705 ± 0.155 5.28+0.23−0.34 21.15 ± 1.214 4.85+12.94−0.8
2971.02 0.103 ± 0.006 1.37+0.01−0.01 3.938 ± 0.260 6.36+0.28−0.42 30.91 ± 2.042 5.85+15.73−0.97
3020.01 0.106 ± 0.006 1.42+0.01−0.01 2.122 ± 0.134 3.71+0.15−0.26 137.1 ± 8.661 28.92+2.63−4.88
3069.01 0.387 ± 0.031 2.47+0.09−0.13 2.996 ± 0.244 5.15+0.06−0.12
3377.01 0.476 ± 0.044 2.15+0.02−0.02 15.94 ± 1.488 3.82+0.01−0.01 100.9 ± 9.425 11.37+2.92−2.27
3401.01 0.200 ± 0.022 1.5+0.05−0.03 0.452 ± 0.049 3.32+0.25−0.22
3401.02 0.603 ± 0.061 2.6+0.08−0.06 1.362 ± 0.139 5.75+0.42−0.38
4004.01 0.151 ± 0.010 1.47+0.05−0.05 6.263 ± 0.440 6.2+0.44−0.44
4209.01 1.439 ± 0.350 4.25+0.45−0.4 13.51 ± 3.292 13.95+2.43−2.28
4292.01 0.045 ± 0.004 0.75+0.03−0.02 50.35 ± 4.668 6.73+1.52−0.0
4331.01 0.125 ± 0.011 1.59+0.37−0.19 0.157 ± 0.013 1.72+0.38−0.21
4463.01 0.372 ± 0.024 1.6+0.02−0.06 0.376 ± 0.024 1.7+0.04−0.04
4634.01 0.118 ± 0.012 1.51+0.06−0.03 0.618 ± 0.066 2.39+0.29−0.2
4768.01 0.598 ± 0.062 2.58+0.06−0.06 24.00 ± 2.489 11.77+1.77−2.66
4822.01 0.035 ± 0.003 0.79+0.03−0.02 19.46 ± 2.083 8.57+2.89−2.73
4871.01 0.029 ± 0.004 0.73+0.01−0.01 0.524 ± 0.070 2.87+0.22−0.3
4871.02 0.038 ± 0.004 0.83+0.01−0.01 0.671 ± 0.081 3.25+0.24−0.33
5578.01 0.193 ± 0.025 1.62+0.08−0.07 0.997 ± 0.133 3.54+0.49−0.26
5762.01 0.484 ± 0.065 2.28+0.08−0.08 0.876 ± 0.118 3.35+0.42−0.25
TABLE 2 The transit depth and radius relative to potential host for all transit candidates, evaluated for association with all possible
host stars. Evaluated only for KOIs with Kepler-band contrast observations. Candidates with radii lower limits indicate the depth of the
eclipse is equal to or greater than the star’s full light.
3.5. Updated Transiting Object Parameters
For KOI systems observed in the Kepler band, we rein-
terpret the relative depth and size of all transit candi-
dates in Table 2, relying on the KH07 results as new
stellar characteristics. As we lack the ability to deter-
mine whether the primary or a companion is the host of
the transiting object, all possible scenarios are presented.
Note that these derivations require knowledge of each
KOI component’s luminosity in the transit band, and
thus only candidates with resolved LP600 photometry
are shown. As mentioned in section 2, the LP600 com-
bined with the EMCCD’s sensitivity curve approximates
the Kepler passband, suppressing blue wavelengths that
experience less benefit from adaptive optics correction.
With the new planet candidate sizes we estimate the
probability each has a radius R > 15R⊕, the rough po-
sition of the boundary between gas giants and late-type
stars. We then assume that every star in a blended KOI
is an equally likely host for the transit, and measure an
overall P(R > 15R⊕) as the mean average of probabili-
ties for all possible hosts. This identifies potential false
positives but does not constitute a full false positive cal-
culation. Table 3 shows the results for all candidates for
with P(R > 15R⊕) ≥ 0.01. We did not take into account
the relative prevalence of planetary bodies and brown
dwarfs, which might indicate that planets are generally
more likely system members and invalidate the assump-
tion that all possible configurations are equally likely.
Three candidates have been identified elsewhere as
false positives. Likely the largest transiting object,
KOI1447.01 appears in the Kepler Eclipsing Binary Cat-
alog (Slawson et al. 2011). KOI0190.01 has a disposition
of FALSE POSITIVE in the Exoplanet Archive from ra-
dial velocity measurements. KOI1112.01 has been iden-
tified as a false positive via ephemeris matching with the
nearby KOI4720 by Coughlin et al. (2014), which notes
that two stars are separated by only 4.′′8, and states that
the transit host is believed to be a third then-unobserved
object. This implies the host is KOI1112B, which ele-
vates our estimate to P(R > 15R⊕) = 0.95.
4. DISCUSSION
Probabilities and uncertainties in this section are com-
puted binomially by the method described in Burgasser
et al. (2003).
Of the 93 companions with sufficient photometry, 13
(or 14.0%+4.4%−2.9%) are inconsistent with physical associ-
ation with their primaries via KH07, while the B11
method gives 10 unassociated companions out of 53 ex-
amined (or 18.9%+6.5%−4.2%). All others are < 5σ consis-
tent with a bound interpretation. Simulations have pre-
viously demonstrated that the vast majority (96%) of
narrowly-separated companions (< 1.0′′) are physically
associated (Horch et al. 2014). As 6 out of 40 (or
15%+7.3%−4.0%) narrowly-separated primary/companion pairs
with fit results are inconsistent with a bound interpreta-
tion to 5σ, our results are inconsistent with the Horch
prediction to ∼ 2.3σ and we see no evidence that nar-
rowly separated (< 1.0′′) companions are more likely to
be physically associated than KOI companions in gen-
eral or than widely-separated companions, for which we
determine 7 of 53 or 13.2%+6.0%−3.3% are unbound.
Via transit reinterpretation we have 38 potential non-
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TABLE 3
Probability of R > 15R⊕ for Each Planet Candidate
KOI PA PB PC PD Ptotal
0190.01a 0.85 1.00 0.93
0191.01 0.68 1.00 0.84
0191.02 0 0.09 0.05
0191.04 0 0.02 0.01
0268.01 0 1.00 1.00 0.67
0401.01b 0 0.55 0.27
0401.02b 0 0.03 0.01
0425.01 1.00 1.00 1.00
0511.01b 0 0 0.98 0.33
0511.02b 0 0 0.61 0.20
1066.01 0.30 1.00 0.65
1067.01 1.00 1.00 1.00
1112.01c 0 0.95 0.48
1447.01c 1.00 1.00 1.00
1447.02 1.00 1.00 1.00
1784.01 0 0.46 0.23
1880.01 0 0.18 0.09
1884.01 0 0.87 0.90 0.92 0.65
1884.02 0 0.07 0.29 0.14 0.21
2009.01 0 0.14 0.07
2069.01 0 0.15 0.07
2289.01b 0 0.17 0.09
2363.01 0 0.46 0.23
2681.01 0 0.08 0.04
2722.01b 0 0.85 0.43
2722.02b 0 0.81 0.41
2722.03b 0 0.31 0.16
2722.04b 0 0.42 0.21
2722.05 0 0.24 0.12
2813.01 0 0 0.25 0.08
2869.01 0 1.00 0.50
2971.01 0 0 0.22 0.07
2971.02 0 0 0.28 0.09
3020.01 0 0 1.00 0.33
3377.01 0 0 0.11 0.04
4209.01 0 0.33 0.16
4768.01 0 0.03 0.02
4822.01 0 0.01 0.01
a Disposition is FALSE POSITIVE in the Exoplanet Archive as
of 18 Sep 2015.
b Disposition is CONFIRMED in the Exoplanet Archive as of 18
Sep 2015.
c Other literature indicates candidate is false positive.
Estimated probabilities that each KOI planet candidate has a
radius R > 15R⊕, for each potential host and summed across all.
Only candidates for with P (R > 15R⊕) ≥ 0.01 are listed. For full
transit depth and planet size estimates, see Table 2.
planetary objects out of 88 reinterpreted transiting ob-
jects. By summing the computed P(R > 15R⊕) val-
ues this sample has a mean of 12.8+3.5−3.1, or 14.5%
+4.0%
−3.5%
of candidates with (R > 15R⊕). Considered with the
previously reported 17.6%± 1.5% nearby-star (compan-
ion) probability of Baranec et al. (2016), we estimate a
(R > 15R⊕) rate due to unresolved companions to be
2.6%± 0.4%. This is a rough measurement of false posi-
tives in the KOI catalog and is easily consistent with the
broad < 10% false positive rate predicted by modeling
(Morton and Johnson 2011).
On the whole, the derived planet candidate sizes are
only slightly larger than estimates from Law et al. (2014),
henceforth L14. The exceptions are primarily those can-
didates listed in Table 3. These are much larger than the
L14 predictions as our analysis includes new sizes for the
host stars and accounts for the change in distance esti-
mates, whereas L14 used the original Kepler predictions
derived from blended light.
4.1. KOI0191: Possible Coincident Multiple
L14 noted that this system is a priori unusual as
the only multi-candidate KOI to have a large Jupiter-
class candidate (> 10R⊕) in a very close orbit (P <
20d). Assuming binarity (of KOI0191A/B), L14 cal-
culated a planetary candidate size of 11.3R⊕ for the
A scenario and 29.3R⊕ for B, making the potential
KOI0191B/KOI0191.01 system a close eclipsing binary
in a hierarchical triple. With the inclusion of JHK pho-
tometry, we revise these estimates upward to 13.9R⊕ and
55.9R⊕, respectively.
Although hot Jupiters were previously thought incon-
sistent with other short-period planets, the discovery
of multiple planets in the WASP-47 system proves the
arrangement does exist in nature (Becker et al. 2015).
Thus, we can not rule out that all four candidates are
hosted by KOI0191A and are then planets.
4.2. KOI0268: No Longer Habitable
Both companions of KOI0268 have also been reported
in Adams et al. (2012). KOI0268.01 was originally identi-
fied as a potentially habitable super-Earth with a radius
of 1.7 R⊕ and equilibrium temperature of 295 K. L14
reports both companions, and notes that if the planet
orbits either of them rather than the target A, the equi-
librium temperature of the planet will probably not be
in the habitable range. The candidate’s equilibrium tem-
perature in literature has since been revised upward from
295K to 470K as reported in the Exoplanet Archive. Our
fitted stellar types (from KH07) yield an uninhabitable
surface temperature of 650K if hosted by A. For B and
C both we estimate a surface temperature of ∼350K,
marginally allowing for the presence of liquid water, but
the reinterpreted sizes imply a gas giant hosted by B
or an eclipsing binary at C. Exomoons notwithstanding,
this rules out habitability for KOI0268.01.
4.3. KOI1447: Double Eclipsing Binary
Both KOI1447.01 and KOI1447.02 are likely too large
to be planets for either potential host, and .01 was in-
cluded in the second release of the Kepler Eclipsing Bi-
nary Stars catalog (Slawson et al. 2011). Given the size
of both candidates and their short orbital periods (40.2d
and 2.3d, respectively), it seems likely they would conflict
with each other if in the same system. KOI1447 is then
a unique double false positive, consisting of two merely
visually associated eclipsing binaries with coincidentally
low inclination.
5. CONCLUSIONS
We have obtained visible and near-infrared multi-
wavelength photometry of 104 blended companions to
84 KOIs, validating the original detections by Robo-
AO. We report additional companions not originally de-
tected by Robo-AO’s original investigation. We find that
14.5%+3.8%−3.4% of the investigated companions are physically
unassociated with their KOI primaries at the 5σ level.
Additional follow-up is recommended to confirm this re-
sult, with spectroscopy of both targets the best means
of measuring log g to confirm actual sizes and distances,
and to provide improved constraints on transit candidate
size. We also find no evidence that narrowly separated
KOI companions are more likely to be physically asso-
ciated than widely separated companions, contrary to
prior modeling work.
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We have also reinterpreted 88 transit candidates, refin-
ing estimates of size given possible hosts and identifying
43 candidates potentially too large for planetary interpre-
tation. With some assumptions, this produces an overall
P(R > 15R⊕) for transits with detected contaminating
companions of 17.5%+4.1%−3.7%, or an overall P(R > 15R⊕)
for all KOIs (as a result of undetected companions) of
2.5%± 0.4%. A more complete set of JHK follow-up on
KOI companions would refine this result.
Given the termination of Kepler ’s primary mission,
solving host ambiguity for individual transit candidates
is difficult. A close review of extant Kepler data for as-
trometric motion or light curve re-analysis may detect
centroid motion correlated with transit that would iden-
tify the host star. Independent investigations like radial
velocity and ground-based AO transit imaging are pos-
sible but difficult and limited to bright targets and deep
transits, respectively.
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TABLE 4 Measured JHK Contrasts
object sep(′′) ang(o) ∆mJ (mag) ∆mH (mag) ∆mK (mag)
0190B 0.180 ± 0.010 109.4 ± 3.2 0.642 ±0.137
0191B 1.660 ± 0.002 96.6 ± 0.1 2.588 ±0.057 2.615 ±0.054 2.626 ±0.055
0268B 1.753 ± 0.003 267.6 ± 0.1 3.056 ±0.059 2.654 ±0.057 2.553 ±0.056
0268C 2.528 ± 0.007 310.2 ± 0.1 3.810 ±0.118 3.353 ±0.127 3.984 ±0.145
0401B 1.986 ± 0.002 270.0 ± 0.1 2.066 ±0.059 1.635 ±0.055
0425B 0.491 ± 0.001 343.4 ± 0.1 0.831 ±0.054
0511B 1.300 ± 0.002 123.4 ± 0.1 2.221 ±0.058 1.817 ±0.007 1.707 ±0.008
0511C 3.865 ± 0.005 348.6 ± 0.1 5.055 ±0.122 4.493 ±0.077 4.308 ±0.069
0628B 2.748 ± 0.002 238.9 ± 0.1 3.000 ±0.058
0628C 1.828 ± 0.003 311.5 ± 0.2 3.871 ±0.057
0687B 0.680 ± 0.003 13.4 ± 0.4 1.251 ±0.054
0688B 1.734 ± 0.001 141.8 ± 0.1 1.552 ±0.060 1.373 ±0.056
0712B 0.470 ± 0.002 174.2 ± 0.3 0.435 ±0.055 0.351 ±0.056
0931B 1.263 ± 0.002 177.7 ± 0.1 3.227 ±0.063
0984B 1.764 ± 0.005 221.3 ± 1.4 0.064 ±0.058 0.050 ±0.054 0.059 ±0.056
0987B 1.974 ± 0.002 225.7 ± 0.3 2.612 ±0.077 2.381 ±0.058 2.239 ±0.055
1066B 1.690 ± 0.002 231.3 ± 0.1 2.949 ±0.070
1067B 2.932 ± 0.005 142.6 ± 0.1 2.785 ±0.106
1112B 3.068 ± 0.005 172.2 ± 0.1 3.607 ±0.138 2.956 ±0.081 2.758 ±0.070
1151B 0.758 ± 0.002 307.5 ± 0.7 2.554 ±0.055 2.407 ±0.055
1214B 0.371 ± 0.029 136.3 ± 0.3 2.584 ±0.055 2.455 ±0.055
1274B 1.085 ± 0.001 242.0 ± 0.1 2.801 ±0.056 2.506 ±0.055
1359B 1.387 ± 0.003 331.6 ± 0.4 2.168 ±0.057
1375B 0.784 ± 0.001 270.0 ± 0.1 3.303 ±0.069 3.393 ±0.065
1442B 2.114 ± 0.006 70.8 ± 0.1 4.155 ±0.065 3.802 ±0.056 3.631 ±0.055
1447B 0.282 ± 0.001 212.0 ± 0.1 0.625 ±0.061
13
object sep(′′) ang(o) ∆mJ (mag) ∆mH (mag) ∆mK (mag)
1536B 0.580 ± 0.001 97.9 ± 0.1 4.262 ±0.136 4.177 ±0.112
1546B 0.603 ± 0.002 89.5 ± 0.1 0.940 ±0.055 0.784 ±0.055 0.726 ±0.054
1546C 2.915 ± 0.001 4.0 ± 0.1 3.224 ±0.059 3.021 ±0.071 2.945 ±0.081
1546D 4.119 ± 0.011 164.7 ± 0.1 3.338 ±0.073 3.253 ±0.077 3.479 ±0.058
1613B 0.214 ± 0.004 185.5 ± 1.3 1.136 ±0.055 0.996 ±0.055 0.997 ±0.055
1700B 0.274 ± 0.048 288.1 ±10.7 0.551 ±0.055
1784B 0.278 ± 0.001 291.1 ± 0.1 0.781 ±0.058
1845B 1.999 ± 0.011 78.9 ± 0.5 3.238 ±0.055 2.886 ±0.055
1845C 2.958 ± 0.025 348.0 ± 0.2 4.264 ±0.069 4.400 ±0.092
1880B 1.713 ± 0.001 100.9 ± 0.1 3.936 ±0.058 4.149 ±0.057 4.282 ±0.058
1884B 0.934 ± 0.001 95.6 ± 0.1 2.642 ±0.056 2.410 ±0.056 2.305 ±0.055
1884C 1.838 ± 0.001 81.9 ± 0.1 3.075 ±0.056 2.867 ±0.057 2.731 ±0.055
1884D 2.567 ± 0.002 327.5 ± 0.1 3.590 ±0.164 3.536 ±0.141 3.204 ±0.141
1891B 2.066 ± 0.003 211.4 ± 0.1 4.340 ±0.077 4.561 ±0.060 4.596 ±0.066
1916B 0.252 ± 0.001 146.3 ± 0.1 1.201 ±0.056 1.054 ±0.055
1979B 0.842 ± 0.002 193.4 ± 0.1 2.291 ±0.055 1.822 ±0.055
1989B 0.816 ± 0.001 39.5 ± 0.1 2.921 ±0.055
2001B 1.167 ± 0.001 342.0 ± 0.1 4.320 ±0.060
2009B 1.513 ± 0.004 178.0 ± 0.1 3.042 ±0.092 2.950 ±0.061 2.750 ±0.055
2059B 0.394 ± 0.001 290.0 ± 0.1 0.539 ±0.151
2069B 1.128 ± 0.001 107.0 ± 0.1 3.195 ±0.059
2083B 0.255 ± 0.002 166.1 ± 0.3 1.687 ±0.056 1.600 ±0.054
2117B 0.334 ± 0.001 111.5 ± 0.1 0.531 ±0.055
2143B 2.184 ± 0.005 317.4 ± 0.1 3.200 ±0.120 3.457 ±0.087
2159B 2.009 ± 0.001 323.8 ± 0.1 2.638 ±0.063 2.476 ±0.060
2247B 1.917 ± 0.002 350.3 ± 0.1 3.867 ±0.068
2289B 0.948 ± 0.001 221.7 ± 0.1 2.938 ±0.055
2317B 1.512 ± 0.002 112.2 ± 0.1 3.923 ±0.058
2363B 1.952 ± 0.001 357.3 ± 0.1 5.041 ±0.086
2377B 2.185 ± 0.002 335.2 ± 0.1 0.828 ±0.080 0.671 ±0.073 0.629 ±0.068
2377C 3.903 ± 0.008 315.9 ± 0.1 3.925 ±0.193 3.816 ±0.146 3.551 ±0.170
2377D 2.540 ± 0.002 41.5 ± 0.1 4.234 ±0.096 4.029 ±0.116 3.752 ±0.117
2413B 0.308 ± 0.036 250.1 ± 8.7 0.470 ±0.109 0.170 ±0.059
2443B 1.384 ± 0.002 164.0 ± 0.1 4.133 ±0.066 3.632 ±0.060
2542B 0.769 ± 0.002 29.1 ± 0.2 0.896 ±0.055 0.602 ±0.054
2554B 0.372 ± 0.010 149.3 ± 1.6 0.267 ±0.054
2554C 3.547 ± 0.005 203.6 ± 0.1 2.960 ±0.098
2601B 1.598 ± 0.002 14.1 ± 0.1 0.966 ±0.057
2601C 1.480 ± 0.002 295.2 ± 0.1 2.979 ±0.057
2601D 3.059 ± 0.003 30.1 ± 0.2 4.899 ±0.135
2657B 0.744 ± 0.365 131.7 ± 1.8 0.145 ±0.055 0.126 ±0.055 0.106 ±0.054
2664B 1.190 ± 0.005 90.5 ± 0.2 1.103 ±0.055
2681B 1.132 ± 0.005 148.0 ± 0.3 0.431 ±0.056
2705B 1.900 ± 0.003 304.3 ± 0.2 2.565 ±0.097 2.672 ±0.099 2.584 ±0.067
2711B 0.472 ± 0.006 148.9 ± 0.2 0.149 ±0.055 0.122 ±0.055 0.118 ±0.055
2722B 3.224 ± 0.001 283.3 ± 0.2 3.937 ±0.084 3.770 ±0.064
2779B 0.965 ± 0.010 66.5 ± 0.6 1.752 ±0.055
2813B 1.062 ± 0.001 261.1 ± 0.1 1.842 ±0.055
2813C 1.842 ± 0.005 187.8 ± 0.2 6.547 ± 0.237
2837B 0.355 ± 0.018 140.5 ± 2.8 0.218 ±0.056 0.199 ±0.055 0.200 ±0.055
2859B 0.454 ± 0.001 290.9 ± 0.1 3.262 ±0.067 3.138 ±0.066 2.890 ±0.059
2869B 1.625 ± 0.001 205.2 ± 0.1 5.670 ±0.074
2904B 0.699 ± 0.001 225.6 ± 0.1 2.705 ±0.055 2.501 ±0.055 2.446 ±0.054
2971B 0.300 ± 0.001 273.9 ± 0.1 4.503 ±0.130 3.568 ±0.057
2971C 3.561 ± 0.004 37.7 ± 0.1 7.656 ±0.219 5.931 ±0.170
3020B 0.379 ± 0.001 271.6 ± 0.1 1.266 ±0.057
3020C 3.862 ± 0.001 231.3 ± 0.1 5.008 ±0.069
3029B 0.251 ± 0.010 264.3 ± 2.3 0.135 ±0.060
3029C 2.543 ± 0.005 4.1 ± 0.1 3.440 ±0.068
3029D 1.734 ± 0.005 356.2 ± 0.2 4.489 ±0.071
3069B 1.790 ± 0.002 108.3 ± 0.1 1.579 ±0.056 1.310 ±0.055 1.265 ±0.056
3106B 0.272 ± 0.010 186.3 ± 2.2 1.221 ±0.131
3377B 0.265 ± 0.001 334.7 ± 0.1 0.485 ±0.058
3377C 1.406 ± 0.005 50.2 ± 0.2 3.741 ±0.063
3401B 0.648 ± 0.010 98.9 ± 0.9 1.877 ±0.057
4004B 1.954 ± 0.003 218.1 ± 0.1 2.373 ±0.076
4209B 0.976 ± 0.001 205.1 ± 0.1 0.322 ±0.059 0.539 ±0.056 0.570 ±0.055
4292B 1.950 ± 0.002 29.9 ± 0.1 4.813 ±0.075 4.542 ±0.079
4331B 0.335 ± 0.005 100.9 ± 1.0 0.118 ±0.055 0.125 ±0.054
4407B 2.453 ± 0.003 299.9 ± 0.1 2.286 ±0.056 1.956 ±0.056 1.893 ±0.058
4407C 2.660 ± 0.003 311.0 ± 0.1 4.479 ±0.490 4.140 ±0.712 4.654 ±0.344
4463B 2.457 ± 0.003 323.9 ± 0.1 0.160 ±0.102 0.242 ±0.082 0.259 ±0.068
4634B 0.281 ± 0.001 276.1 ± 0.1 0.653 ±0.055
4768B 1.339 ± 0.005 159.0 ± 0.2 2.608 ±0.071
4822B 0.559 ± 0.010 63.2 ± 1.0 4.503 ±0.147
4871B 0.922 ± 0.001 333.6 ± 0.1 3.126 ±0.058 3.026 ±0.057 3.038 ±0.055
5578B 0.322 ± 0.001 97.2 ± 0.1 1.681 ±0.055
5762B 0.221 ± 0.010 100.3 ± 2.5 0.833 ±0.076
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TABLE 4 Relative locations and NIR contrast measurements of observed Kepler Objects of Interest. Contrast uncertainties are
systematically measured by varying the photometric aperture size. Use of co-added images reduces separation/angle measurement
uncertainties to the single-pixel level.
TABLE 5 Apparent Magnitudes of Resolved KOI Components
KOI mJ mH mK mi mKep
0190A 12.876 ±0.053 14.419 ±0.050
0190B 13.517 ±0.089 15.748 ±0.137
0191A 13.827 ±0.023 13.419 ±0.026 13.340 ±0.037 15.057 ±0.042
0191B 16.414 ±0.057 16.032 ±0.056 15.961 ±0.062 18.156 ±0.453
0268A 9.773 ±0.021 9.609 ±0.023 9.518 ±0.019 10.599 ±0.301
0268B 12.826 ±0.059 12.259 ±0.056 12.074 ±0.056 14.603 ±0.317
0268C 13.573 ±0.117 12.963 ±0.123 13.499 ±0.144 16.199 ±0.314
0401A 12.845 ±0.023 12.402 ±0.027 14.076 ±0.036
0401B 14.909 ±0.056 14.037 ±0.051 16.975 ±0.261
0425A 13.571 ±0.043 15.101 ±0.043
0425B 14.401 ±0.056 15.957 ±0.076
0511A 13.222 ±0.023 12.957 ±0.035 12.883 ±0.034 14.276 ±0.036
0511B 15.444 ±0.059 14.816 ±0.056 14.647 ±0.055 17.387 ±0.355
0511C 18.280 ±0.127 17.449 ±0.084 17.194 ±0.077 20.649 ±0.383
0628A 12.484 ±0.025 13.773 ±0.020
0628B 15.486 ±0.061 18.287 ±0.138
0628C 16.356 ±0.059 18.591 ±0.217
0687A 12.415 ±0.026 13.771 ±0.042
0687B 13.667 ±0.046 15.808 ±0.238
0688A 13.158 ±0.028 12.858 ±0.023 14.129 ±0.044
0688B 14.708 ±0.054 14.231 ±0.049 16.316 ±0.244
0712A 13.176 ±0.032 12.771 ±0.030 13.831 ±0.072
0712B 13.615 ±0.040 13.123 ±0.037 15.010 ±0.207
0931A 13.828 ±0.049 15.318 ±0.030
0931B 17.055 ±0.079 18.719 ±0.136
0984A 11.178 ±0.037 10.823 ±0.036 10.741 ±0.034 12.100 ±0.072 12.340 ±0.049
0984B 11.242 ±0.036 10.873 ±0.036 10.797 ±0.036 12.113 ±0.074 12.430 ±0.049
0987A 11.328 ±0.021 10.951 ±0.020 10.906 ±0.013 12.356 ±0.027 12.590 ±0.030
0987B 13.940 ±0.074 13.331 ±0.055 13.146 ±0.050 16.423 ±0.629 16.158 ±0.103
1066A 13.922 ±0.040 15.647 ±0.030
1066B 16.950 ±0.077 19.837 ±0.184
1067A 13.313 ±0.035 14.710 ±0.029
1067B 16.095 ±0.105 18.762 ±0.157
1112A 13.509 ±0.050 13.251 ±0.039 13.155 ±0.049 14.650 ±0.029
1112B 17.122 ±0.146 16.204 ±0.085 15.913 ±0.081 19.222 ±0.057
1151A 11.917 ±0.020 11.857 ±0.021 13.249 ±0.035
1151B 14.474 ±0.053 14.263 ±0.054 16.716 ±0.562
1214A 13.092 ±0.027 12.978 ±0.028 14.933 ±0.051
1214B 15.678 ±0.054 15.431 ±0.054 16.139 ±0.134
1274A 12.088 ±0.020 11.638 ±0.017 13.142 ±0.025
1274B 14.892 ±0.055 14.143 ±0.052 16.911 ±0.429
1375A 12.310 ±0.020 12.279 ±0.018 13.554 ±0.022
1375B 15.613 ±0.070 15.668 ±0.064 17.936 ±0.506
1442A 11.354 ±0.024 11.015 ±0.028 10.947 ±0.022 12.298 ±0.020
1442B 15.507 ±0.067 14.819 ±0.060 14.581 ±0.058 18.971 ±0.563
1447A 12.292 ±0.030 13.248 ±0.039
1447B 12.917 ±0.043 15.288 ±0.160
1536A 11.405 ±0.017 11.349 ±0.018 12.550 ±0.020
1536B 15.669 ±0.135 15.532 ±0.114 17.816 ±0.570
1546A 13.783 ±0.030 13.459 ±0.029 13.373 ±0.030 14.760 ±0.095
1546B 14.725 ±0.047 14.245 ±0.045 14.096 ±0.045 16.318 ±0.377
1546C 17.121 ±0.077 16.711 ±0.079 16.851 ±0.062 18.587 ±0.530
1546D 17.010 ±0.064 16.479 ±0.072 16.319 ±0.085 18.615 ±0.560
1613A 10.915 ±0.025 10.680 ±0.027 10.647 ±0.024 †
1613B 12.049 ±0.046 11.677 ±0.048 11.643 ±0.043 †
1700A 12.890 ±0.030 14.822 ±0.079
1700B 13.446 ±0.040 15.893 ±0.192
1784A 12.533 ±0.027 14.093 ±0.055
1784B 13.310 ±0.043 14.674 ±0.087
1845A 12.881 ±0.023 12.281 ±0.021 * *
1845B 16.119 ±0.057 15.166 ±0.053 * *
1845C 17.146 ±0.071 16.680 ±0.092 * *
1880A 12.293 ±0.022 11.634 ±0.018 11.474 ±0.012 14.480 ±0.033
1880B 16.231 ±0.059 15.785 ±0.059 15.754 ±0.058 18.146 ±0.441
1884A 14.196 ±0.045 13.789 ±0.057 13.738 ±0.060 15.509 ±0.035
1884B 16.836 ±0.067 16.200 ±0.079 16.041 ±0.078 19.617 ±0.588
1884C 17.268 ±0.068 16.652 ±0.079 16.468 ±0.079 20.383 ±0.436
1884D 17.794 ±0.165 17.321 ±0.144 16.943 ±0.146 21.075 ±0.349
1891A 13.879 ±0.021 13.331 ±0.028 13.274 ±0.029 15.284 ±0.031
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1891B 18.220 ±0.077 17.895 ±0.062 17.872 ±0.068 19.545 ±0.444
1916A 12.797 ±0.023 12.493 ±0.026 13.684 ±0.035
1916B 14.002 ±0.047 13.547 ±0.046 16.421 ±0.229
1979A 11.941 ±0.025 11.601 ±0.014 12.845 ±0.029
1979B 14.235 ±0.057 13.423 ±0.045 16.047 ±0.366
1989A 11.841 ±0.018 13.144 ±0.024 13.372 ±0.030
1989B 14.766 ±0.054 17.363 ±0.535 16.866 ±0.151
2001A 11.144 ±0.019 12.835 ±0.020 13.135 ±0.030
2001B 15.463 ±0.060 17.411 ±0.258 17.617 ±0.219
2009A 12.714 ±0.021 12.387 ±0.021 12.333 ±0.022 13.848 ±0.033
2009B 15.751 ±0.089 15.335 ±0.061 15.085 ±0.055 17.929 ±0.491
2059A 11.182 ±0.063 13.246 ±0.048
2059B 11.724 ±0.098 14.339 ±0.104
2069A 12.231 ±0.020 13.582 ±0.020 13.777 ±0.031
2069B 15.422 ±0.060 18.874 ±0.508 18.026 ±0.504
2083A 12.263 ±0.020 12.230 ±0.024 13.446 ±0.037 13.871 ±0.056
2083B 13.948 ±0.050 13.827 ±0.050 16.164 ±0.359 14.907 ±0.134
2117A 13.516 ±0.037 16.236 ±0.032
2117B 14.047 ±0.046 16.567 ±0.034
2143A 12.924 ±0.025 12.505 ±0.026 14.145 ±0.031
2143B 16.122 ±0.118 15.965 ±0.088 17.654 ±0.283
2159A 12.098 ±0.019 12.087 ±0.021 13.322 ±0.025
2159B 14.731 ±0.058 14.563 ±0.059 17.340 ±0.512
2247A 12.046 ±0.022 14.384 ±0.029
2247B 15.916 ±0.069 19.508 ±0.213
2289A 12.075 ±0.018 13.214 ±0.021 13.374 ±0.030
2289B 15.012 ±0.055 17.540 ±0.285 18.008 ±0.297
2317A 12.704 ±0.026 14.298 ±0.031
2317B 16.628 ±0.063 19.227 ±0.194
2363A 12.360 ±0.018 14.369 ±0.031
2363B 17.407 ±0.085 20.945 ±1.338
2377A 13.673 ±0.038 13.286 ±0.045 13.245 ±0.040 * *
2377B 14.501 ±0.063 13.958 ±0.062 13.876 ±0.057 * *
2377C 17.598 ±0.196 17.112 ±0.148 16.785 ±0.173 * *
2377D 17.909 ±0.105 17.318 ±0.126 17.004 ±0.120 * *
2413A 13.352 ±0.046 13.345 ±0.041 15.236 ±0.101
2413B 13.820 ±0.068 13.515 ±0.044 17.342 ±0.554
2443A 12.933 ±0.024 12.574 ±0.022 13.995 ±0.030
2443B 17.070 ±0.070 16.209 ±0.063 19.395 ±0.540
2542A 13.253 ±0.027 12.525 ±0.034 15.841 ±0.056
2542B 14.147 ±0.043 13.125 ±0.043 17.037 ±0.142
2554A 13.708 ±0.042 * *
2554B 13.977 ±0.049 * *
2554C 16.667 ±0.101 * *
2601A 12.850 ±0.032 14.222 ±0.111
2601B 13.816 ±0.051 15.646 ±0.384
2601C 15.828 ±0.065 18.129 ±0.245
2601D 17.752 ±0.137 19.872 ±1.153
2657A 12.333 ±0.032 11.978 ±0.031 11.936 ±0.031 13.497 ±0.084
2657B 12.477 ±0.035 12.104 ±0.033 12.041 ±0.033 13.770 ±0.103
2664A 13.877 ±0.041 16.065 ±0.040
2664B 14.979 ±0.056 16.897 ±0.065
2681A 14.460 ±0.057 16.295 ±0.040
2681B 14.890 ±0.063 17.547 ±0.091
2705A 11.667 ±0.025 11.016 ±0.028 10.822 ±0.024 14.765 ±0.297
2705B 14.232 ±0.091 13.690 ±0.094 13.404 ±0.064 17.956 ±0.328
2711A 13.248 ±0.033 12.982 ±0.033 12.992 ±0.033 14.337 ±0.046
2711B 13.397 ±0.038 13.103 ±0.035 13.111 ±0.038 14.457 ±0.052
2722A 12.110 ±0.023 12.026 ±0.018 13.274 ±0.029
2722B 16.049 ±0.082 15.795 ±0.067 19.149 ±0.138
2779A 13.623 ±0.039 15.040 ±0.048
2779B 15.376 ±0.060 17.586 ±0.332
2813A 11.697 ±0.020 13.951 ±0.068
2813B 13.540 ±0.050 14.958 ±0.155
2813C 18.263 ±0.244 22.013 ±0.680
2837A 12.997 ±0.033 12.822 ±0.031 12.800 ±0.032 13.873 ±0.035
2837B 13.212 ±0.036 13.022 ±0.035 13.000 ±0.036 14.102 ±0.037
2859A 12.589 ±0.021 12.181 ±0.016 12.125 ±0.016 13.997 ±0.044
2859B 15.849 ±0.067 15.323 ±0.066 15.013 ±0.056 16.118 ±0.215
2869A 12.367 ±0.018 13.750 ±0.029
2869B 18.039 ±0.074 21.629 ±0.163
2904A 11.766 ±0.021 11.518 ±0.022 11.467 ±0.018 12.848 ±0.045
2904B 14.474 ±0.053 14.017 ±0.054 13.911 ±0.051 14.833 ±0.206
2971A 11.792 ±0.021 11.482 ±0.016 12.769 ±0.031
2971B 16.289 ±0.126 15.053 ±0.056 16.840 ±0.094
2971C 19.444 ±0.225 17.411 ±0.167 20.654 ±1.884
3020A 12.323 ±0.023 13.591 ±0.031
3020B 13.586 ±0.046 16.818 ±0.104
3020C 17.328 ±0.072 20.511 ±0.335
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3029A 13.869 ±0.040 * *
3029B 14.004 ±0.043 * *
3029C 17.309 ±0.076 * *
3029D 18.358 ±0.083 * *
3069A 13.916 ±0.033 13.561 ±0.032 13.482 ±0.037 15.049 ±0.032
3069B 15.496 ±0.054 14.872 ±0.052 14.747 ±0.054 17.249 ±0.065
3106A 14.018 ±0.052 15.858 ±0.060
3106B 15.233 ±0.108 16.605 ±0.111
3377A 13.321 ±0.034 15.355 ±0.029
3377B 13.805 ±0.043 19.175 ±0.190
3377C 17.062 ±0.070 21.181 ±0.284
3401A 12.909 ±0.026 14.788 ±0.069
3401B 14.782 ±0.054 15.679 ±0.144
4004A 11.221 ±0.021 12.722 ±0.031
4004B 13.596 ±0.069 16.732 ±0.111
4209A 15.098 ±0.042 14.635 ±0.060 14.496 ±0.056 16.073 ±0.095
4209B 15.421 ±0.047 15.172 ±0.066 15.066 ±0.063 18.759 ±0.758
4292A 11.340 ±0.017 11.294 ±0.011 12.897 ±0.030
4292B 16.152 ±0.076 15.837 ±0.075 20.932 ±0.343
4331A 12.697 ±0.033 12.629 ±0.032 13.869 ±0.296
4331B 12.816 ±0.037 12.755 ±0.035 14.118 ±0.296
4407A 10.292 ±0.026 10.071 ±0.029 9.9666 ±0.018 * *
4407B 12.579 ±0.055 12.029 ±0.057 11.859 ±0.053 * *
4407C 14.782 ±0.475 14.180 ±0.695 14.610 ±0.341 * *
4463A 13.575 ±0.054 13.189 ±0.046 13.175 ±0.043 16.347 ±0.033
4463B 13.728 ±0.059 13.428 ±0.052 13.435 ±0.048 16.356 ±0.033
4634A 12.725 ±0.031 13.876 ±0.080
4634B 13.380 ±0.042 15.753 ±0.386
4768A 13.886 ±0.050 15.738 ±0.029
4768B 16.495 ±0.265 19.726 ±0.260
4822A 12.062 ±0.016 13.475 ±0.030
4822B 16.573 ±0.144 20.183 ±0.443
4871A 12.125 ±0.023 11.884 ±0.022 11.843 ±0.013 13.107 ±0.032
4871B 15.254 ±0.060 14.908 ±0.058 14.880 ±0.054 16.225 ±0.189
5578A 9.7288 ±0.018 11.281 ±0.048
5578B 11.410 ±0.047 13.057 ±0.193
5762A 14.158 ±0.056 16.115 ±0.097
5762B 14.993 ±0.073 16.764 ±0.169
TABLE 5 Apparent magnitudes of individual stars from contrast measurements and literature values of blended system. The great
majority of JHK values are from the 2MASS catalog (Liebert et al. 1995), while sources for i and Kepler are more varied. All values are
as reported in the Exoplanet Archive, except JHK for KOI0268, which is linked to a spurious 2MASS entry. * indicates that not all
companions were detected by Robo-AO. Without contrast measurements for all objects we can not accurately determine the apparent
magnitudes. † indicates that although a contrast measurement has been made, there is no blended measurement, and we can not
determine the apparent magnitude.
